Tauopathies are a class of neurodegenerative diseases that are characterized by pathological aggregation of tau protein, which is accompanied by synaptic disorders.
Pathologically aggregated tau is recognized as the dominant component of neurofibrillary tangles (NFTs), which constitute the characteristic pathological hallmark of tauopathies, including Alzheimer's disease (AD). Under normal conditions, tau is predominantly distributed in the axon, the main presynaptic loci. Soluble pathological tau in the entorhinal cortex leads to presynaptic deficits in a model of early AD (Polydoro et al., 2014) . Tau binds to synaptic vesicles and interferes with their mobility and release rate (Zhou et al., 2017) .
These data suggest a critical role for tau in presynaptic function. Clathrin-mediated endocytosis has been implicated in the recycling of synaptic vesicles, which is attenuated in the brains of AD patients and in Aβ-challenged neurons in culture (Kelly & Ferreira, 2007) . However, whether tau affects synaptic endocytosis remains unknown.
To understand the potential role of tau in neuronal endocytosis, we forced the expression of full-length human tau in cultured neurons and examined the internalization of transferrin (Tf)-546 (Figure 1a) . We found that hTau-overexpressing neurons displayed a severe deficiency in Tf uptake (Figure 1a, b) and an increase in membrane vesicular glutamate transporter 1 (VGlut1) and synaptophysin (Supporting Information Figure S1 ). However, hTau overexpression Figure S2 ) and AD patients (Figure 1k,l) , decreased | 3 of 4 expression of dynamin 1 was also detected, suggesting that tau overexpression impairs synaptic endocytosis by suppressing dynamin 1 transcription.
Methyl-CpG-binding protein 2 (MeCP2) was reported to bind to the promoter regions of dynamin 1 (Gibson et al., 2010) , and MeCP2 overexpression reduced both the mRNA and protein levels of dynamin 1 in cultured neurons (Supporting Information Figure S3 ), implying that dynamin 1 is transcriptionally regulated by MeCP2. Furthermore, we found that the MeCP2 protein levels were increased in hTau-overexpressing neurons (Figure 2a,b) , in the cortex of hTau transgenic mice (Figure 2d,e) and in the brains of AD patients (Figure 2g,h ) but that the mRNA levels were unchanged (Figure 2c,f) , which indicates that the upregulation of MeCP2 induced by tau overexpression occurs posttranscriptionally. Only miR-132 is downregulated in hTau-overexpressing neurons and hTau mice (Figure 2i,j) . A luciferase reporter experiment confirmed the direct regulation of MeCP2 by miR-132 (Supporting Information Figure S4 ). Importantly, administration of miR-132 mimics not only rescued dynamin 1 loss and MeCP2 upregulation both in vitro (Figure 2k -m) and in vivo (Supporting Information Figure S5 ) but also restored the synaptic endocytosis deficits induced by hTau overexpression (Figure 2n,o) . Together, these results indicate that the miR-132/MeCP2/dynamin 1 pathway participates in hTau-induced endocytosis deficiency.
Tauopathy, especially the abnormal hyperphosphorylation and aggregation of tau, is one of the most prominent pathological hallmarks of AD. hTau mice (those that overexpress human tau) develop hyperphosphorylated, conformationally altered tau aggregates in the cell bodies and dendrites of neurons, a phenotype that is recognized to closely recapitulate a type of tau pathology found in early AD (Andorfer et al., 2003) . As is the case with several other miRNAs that are deregulated in AD, the expression of miR-132 is negatively correlated with tau pathology (Smith et al., 2015) . Loss of miR-132 has been found to occur in many tau-related diseases (Salta & De Strooper, 2017) , indicating its potential role in mediating tau-related neurodegeneration. Here, we found that tau overexpression led to the loss of miR-132, while miR-132 deficiency in mice led to increased tau expression, phosphorylation, and aggregation. Moreover, in the hTau mouse brain, the MeCP2 level is increased, and MeCP2 can regulate tau expression and phosphorylation and thus contribute to tauopathy in AD (Maphis et al., 2017) . These studies strongly suggest a vicious cycle of miR-132-tau or tau-miR-132-MeCP2-tau abnormalities in the tauopathies.
Taken together, the results of our study demonstrate that tau interferes with neuronal endocytosis through the miR-132-MeCP2-dynamin 1 pathway, and they provide a possible mechanism of tauinduced neuronal dysfunction and neurodegenerative pathogenesis.
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